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Winch e t  a l .  [19631 have r epor t ed  t h a t  p e r i o d i c  magnetic 

v a r i a t i o n s  having t h e  same frequency as t h e  f i r s t  two t o r s i o n a l  

modes of t h e  f ree  o s c i l l a t i o n s  of t h e  e a r t h  appeared on t h e  sur -  

f a c e  of t h e  e a r t h  fol lowing t h e  g r e a t  Chilean earthquake. The 

purpose of t h i s  note i s  t o  r e p o r t  on a search f o r  similar mag- 

n e t i c  a c t i v i t y  af ter  t h e  1964 Alaskan earthquake. 

I n  t h e i r  c a l c u l a t i o n s  of t h e  expected f r equenc ie s  of t h e  f ree  

o s c i l l a t i o n s  of t h e  e a r t h ,  YicDonald and Ness [1961j have found 

t h a t  it i s  necessary t o  t ake  i n t o  account t h e  i n t e r a c t i o n  between 

t h e  main geomagnetic f i e l d  and the motion of t h e  e a r t h  a t  t h e  core-  

mantle boundary. This i n t e r a c t i o n ,  i n  a d d i t i o n  t o  changing t h e  

f r e q u e x i e s  of v i b r a t i o n ,  w i l l  cause a p e r t u r b a t i o n  of t h e  mag- 

n e t i c  f i e l d .  If t h e  dis turbance of  t h e  f i e l d  can r ise  through t h e  

x z n t l e  it zay zppear, i n  s p i t e  0: atTenKation, on t h e  s u r f a c e  xzg- 
.. 

netograrris as a v a r i a t i o n  with t h e  frequency of t h e  v i b r a t l o n a l  

modes. The most s t r o n g l y  inxe rac t ing  nodes w L l l  be t o r s i o n a l ,  

s i n c e  then  t h e  n o t i o n  of t h e  e a r t h  i s  a t  l a r g e  ang le s  t o  t h e  mag- 

n e t i c  Yield a t  t h e  core-mantle boundary. L i t t l e  t h e o r e t i c a l  work 

& 

has been r epor t ed  on t h e  p o s s i b i l i t y  of su r face  obse rva t ion  of 

t h i s  i n t e r a c t i o n  and t h e  r e s u l t s  of t h e  c a l c u l a t i o n s  a r e  inconclu- 

s i v e  [McDonald, 19571. Experimentally, Winch e t  a l .  [1963] e x m -  

i n e d  t h e  regular-run r,agnetograms a f te r  t h e  Chilean earthquake and 

c a l c u l a t e d  t h e  power spectrum f o r  t he  18 hours a f t e r  t h e  earthquake. 

The s p e c t r a  show peaks a t  t h e  frequencies  of t h e  f i r s t  two t o r s i o n a l  
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nodes.  Vhile t h e i r  r e s u l t s  a r e  very i n t e r e s t i n g ,  t h e  evidence i s  

n o t  clear enough t o  e s t a b l i s h  a casual  r e l a t i o n s h i p  between t h e  

magnetic a c t i v i t y  and the earthquake. 

The Chilean and Alaskan earthquakes were of t h e  same magnitude 

on t h e  Richter  s c a l e .  However, only sur face  waves a r e  used i n  t h e  

determinat ion o f  t he  Richter  i n t e n s i t y  and the  Chilean earthquake 

was xuch more e f f e c t i v e  i n  e x c i t i n g  t h e  free o s c i l l a t i o n s  of t h e  

e a r t h  as a whole. It was necessary i n  f a c t ,  t o  use a Four ie r  

a n a l y s i s  of t h e  Lamont s t r a i n  seisnograph of t h e  Alaskan e a r t h -  

quake per iod  t o  show t h a t  t h e  f r e e  o s c i l l a t i o n s  had been e x c i t e d  

(L .  Alsop, personal  copmunication) . Since t h e  o s c i l l a t i o n s  were - 

l e s s  in t ense  than  a f t e r  t he  Chilean earthquake, t h e  magnetic v a r i -  

a t i o n s  would a l s o  be xuch l ess  inzense.  For tuna te ly ,  t h e  niagnetic 

Yield was except iona l ly  qdlet an6 con6i t lons were i d e a l  f o r  obser- 

vatiol? of snall,  long per lod  ve r l z t ions ,  p a r t i c u l a r l y  on the  n igh t -  

t i m e  s ide  of t h e  e a r t h .  
1 

Two Varian Associates  rubidium vapor xagnetorfieters were 

recording ti;e t o t a l  magnetic f i e l d  i n t e n s i t y ,  one a t  Larnont nag- 

n e t i c  s t a t i o n  i n  Lebanon, new Jersey ,  arid t h e  o the r  a t  t h e  Varian 

Assoc ia tes  f a c i l i t y  near Palo A l t o ,  C a l i f o r n i a .  They were record-  

i n g  on a continuous b a s i s  wi th  a s e n s i t i v i t y  capable of de t ec t ing  

a change of 0.2 gama .  The v a r i a t i o n s  of t h e  sur face  f i e l d  caused 

by t h e  t o r s i o n a l  modes should s tar t  wi th in  t h e  f i r s t  f e w  hours 

after the  earthquake. A t  l e a s t  p a r t  of t h e  l a g  i s  due t o  t h e  f a c t  

t h a t  t h e  magnetic dis turbance takes  time t o  r ise  through t h e  mantle.  
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m A &  rise -- LLp,e i s  e s t i m t e d  [NcDonald, 19571 a t  about 2 hours for 

a disturbance of 1-nour period using a p a r t i c u l a r  model of  conduc- 

t i v i t y  of the mantle. Using thls es t imte  s t r i c t l y  as an order of 

7 .  . .  6 or 7 hours a f k r  th? ear-c.-qx2<e. So p0'dei- spec t run  was 

c a l c L a t e 2  s ince  the  v a r i a t i o n s  0.2 nag;netic records,  Ln c o n t r a s t  

TO t 3 s e  on s e i s r i c  r eco ras ,  represest  highly s o n s t a t i o n m y  I~nc- 

;Loas. T2ere are t y p i c a l l y  i'requenx, sueden, nonperiodic variatlox 

t h a t  r c a k  t h e  results of  a power spectr-cm calculat ioi?  u n i g t e r p r e t -  

a b l e .  It i s  true t h a t  ;r,apez:c variatrlons c,;;sed by oscLllat ior is  

are approximately k 3 ,  28, and 22 r i m t e s  [TvIacDonald and Ness, 196111. 

is orde r  to dLsplay these per lods  c l e a r l y ,  t3e  r eco ras  fron 

t h e  two xagnetorrLeters were tll ;:tized at 1 -x inu te  i n t e r v a i s  for 

a p e r l o d  beginning before  the earthquake and cont inuing for :,;any 

results drawn t o  a s c a l e  that aceenmates  t h e  a c t i v l t y .  Xote t h a t  

tl=e night w 8 s  so  q u i e t  t h a t  t y p i c z l  changes 'are  o f  t?,e order of a 



!S2rxa over a he l f  hour. 

could be due t o  t h e  earthquake u n t i l  0650 UT. 

1.3 minutes af ter  t h e  s t a r t  of ?;he Alaskan earthquake, a long  

T‘nere i s  no evidence of anytlning t h a t  

Then, 3 hours and 

pe r iod  v a r i a t i o n  appears a t  N e w  J e r sey .  A s i n e  wave of 43-minute 

pe r iod  i s  shown in Figure 1 ICC conparison w i t h  the Xew Gersey 
. 1  

v a r i a t i o n s .  The average peak-to-trough time d i f fe rence  of t h e  

magnetic v a r i a t i o n s  i s  20.4 ninu-ies so t h a t  a b0.8-minute pe r iod  

s i n e  wave might be a sorxewhat b e t t e r  f i t ;  b u t  the  d i f ”  le rence  

between 4.1 and 43 minutes i s  smaller  than the  accuracy of t he  

d e t e r K i m t i o n  of The periods.  The ampli-cude from the  f i r s t  r r i a x i -  

x u m t o  t h e  f i r s t  minimum w a s  1 . 7  gama,  t he  l a r g e s t  v a r i a t i o n  

s lnce  seve ra l  nours before tke  ezrzkqaake. The tirr,e l a g  from the  

beginning of t he  e a r t h q u z k  i s  cons is ten t  w2th ;<cDonald’s [ 19571 

rmdel using a rmntle conchct iv l ty  a ~ ;  t he  co re - s rn t l e  boundary of  

io-” e m  and c.:- a t tenGation oc txnsr r2ss ion  thro;l;;h the  x a n t i e  on 

tile order  of t o  
% 

Any a c t i v i t y  due t o  f r e e  o s c i l l a t i o n s  cf t he  e a r t h  should be 

world-wid? and simultaneous.  7‘igure 2 compares S e w  J e r s e y  and 

Ca l i fo rn ia  a t  the  onse t  o f  the  a c t i v i t y .  The agreement i s  remark- 

a b l e .  The two curves show no measurajle t ixe lag between s t a t i o n s .  

This s i rxul tanei ty  i s  i n  marked con t r a s t  t o  t h e  time d i f f e rence  i n  

t h e  ac t ivL ty  t h a t  occurs around 0430. 

local nagnet ic  v a r i a t i o n s  i n  C d i f o r n i a  were l a r g e  enough so t h a t  

they  could have Tasked a cont inua t ion  of t he  k3-niinute a c t i v i t y .  

X g u r e  1 shows that t h e  
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Tke agreey.ent ar,d s imi l t ane izy  between t h e  two s t a t i o n s  i s  t h e  s o s t  

persuas ive  argument i n  favor  of  ass igning  t h e  a c t i v i t y  t o  t h e  e a r t h -  

quake. However, we need t o  know i f  t h i s  type of  agreeKent occurs 

o l t e n  between the  two s t a t i o n s .  Phout 100 days of  t h e  C a l i f o r n i a  

zz2. Sew J e r s e y  records have ?-  -T co:..2-;ed wi th  one another .  

q u i e t  days t h e  two s t a t i o n s  agi-de &bout 1 0  per  cent  of t h e  t ime. 

On 

This e s t i m t e  i s  n a ~ e  without regar6 TO xhe type 0: a c z i v i t y  ( i . e . ,  

s i c r o p u l s a t i o n s ,  i r r e g u l a r  changes, etc.). L i t t l e  work has been 

done on the  long per iod  pe r iod ic  v a r i a t i o n s  of t h e  e a r t h ' s  f i e l d  

[Horton and Hoffman, 19621, so we do not know i f  low zrr;plitude, 

long  per iod,  s inul taneous ec t ivLty  2s  r a r e  o r  coixon. 

ActLvity due to t h e  f r e e  osc i l l ax ions  of tile e a r t h  should be 

continuous,  although damped. FLgJre 1 sho:,is t k t  only  t h e  f i r s t  

. _.I t h r e e  o r  Tour xaxiEa are seer! ir- L * e v ~ ~  j e r s e y .  ' T l - 5 ~  i s  a se r lous  

d i f f i c u l t y .  if the  xeasured dazqizg oI' t he  f i r s t  feiw cycles  03 

of tl;e e a r t h ' s  f r e e  v ib ra t ions  wzs s ~ a l l  a f te r  t h e  Alaskan e a r t h -  

T 

quake, then  the  xagnet ic  a c t i v i t y  discussed here i s  f o r t u i t o u s .  

However, when a complex body i s  s t ruck  arLd se t  i n t c  o scL l l a t ion ,  

rrodes can be s e l e c t i v e l y  e x c i t e d .  Which nodes t hese  w i l l  be depends 

on j u s t  how the  body i s  exc l t ed .  any r e a l  body, f o r  exaxple,  

t h e  e a r t h ,  t he  concept of e igen  o s c i l l a t i o n s  i s  only an approxirAate 

one and the  Kodes w i l l ,  i n  actualLty,  3e coupleii. Tnis cou2ling 

w i l l  a l low the  e x c i t a t i o n  energy i n  The i n i t i a l l y  e x c i t e d  xode t o  

pass  i n t o  o the r  nodes u n t i l  equil5'Jr:c:c i s  reached. This coupling 



czn cause r a p l 5  pseudo-daixping of The i n i t i a l l y  e x c i t e d  node. A f t e r  

equi l ibr ium i s  reached, noma1 danping mechanisms come i n t o  p l ay  

and t h e  o s c i l l a t i o n s  gradual ly  die  ou t .  I n  t h i s  regard,  it i s  

i n t e r e s t i n g  t o  note t h a t  t he  seisr ' ic  records a f te r  the  Kamchatka 

earthqueke showed j u s t  fou r  cycles .of long per iod  v a r i a t i o n s  s t a r t i n g  

about 3-112 hours a f t e r  the  earthquake. 

[Zeniof'f, 19541 t h a t  these  were due t o  the  f r e e  o s c i l l a t i o n s  of' the  

earzh .  This hypothesis  i s  o f t e n  r e j e c t e d  on t h e  grounds t h a t  t he  

It was o r i g i n a l l y  suggested 

v a r i a t i o n s  damped too  q ~ i c l i l y .  

A s  a f u r t h e r  check on the  possible  continuous na ture  of' t he  

magnetic v a r i a t i o n s ,  per iods long  a f te r  the  earthqdake were exam- 

i c e d .  

quake on t h e  Ca l i fo rn ia  record.  The Kagnetic l i e l d  a t  thaz  t i x e  

ffo 43-r inute  a c t i v i t y  was o'sserved 2 1  hours a f t e r  t h e  e a r t h -  

was so quie-c t h a t  t he  i n t e x l z y  ol zxy LzobserveCi o s c i l l a t i o n s  of 

per iods  s h o r t e r  than  1 hour vzs less than  0.37 5ro:; ixaXiL:E::, t o  

l:Alnimm. 
5 

I n  conclusion, the  p o s s t b i l i t y  remains t h a t  magnetic a c t i v i t y  

appearing 3-112 hours a f t e r  t he  Alaskan e a r t h q u k e  w a s  induced by 

the  free o s c i l l a t i o n s  of t h e  e a r t h .  ThLs r e s u l t  m s t  be con- 

s i d e r e d  along with the  r e s u l t s  shown by Winch e t  a l .  [19633 f o r  

t h e  Chilean earthquake. Befo re  it can be f i n a l l y  cieternined i f  

the  t o r s i o n a l  modes of the  e a r t h ' s  oscillatloc i n t e r a c t s  wi th  the  

r.ain magnetic f i e l d  t o  cause surface va r i a t ions ,  wlagnetic records 
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Z-L..~ i-. .,+. o t h e r  severe earthquakes ::::,st -03 s tudied .  One of the rnain 

va lues  of t he  d a t a  discussed here w l l l  be t o  cor:,pare with da t a  

from f u t u r e  earthquakes.  
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FIGURE LEGZXDS 

Figure 1. - Kagnetic var ia t io- i s  following the  Alaskan eaSthyuake 

02 lg6$. T’r,e ~ p p e r  cwve  is :ror:Palo Ai l to ,  Ca l i fo rn ia .  Tne 

lower curve i s  from Lebanon, Xew Je r sey .  

qualie i s  ind ica t ed  by the  arrov. 

The t i m e  of t h e  e a r t h -  

Figure 2 . -  A comparison of the  magrxzLc ac t iv iTy  a t  Palo Al to ,  

CalifornLa, and Lebanon, Eew Jersey ,  CurLng xhc. onsex of the  

a c t i v i t y .  The t r a c e s  are offse-c 3-0;: one anocher vo l a c i l i -  

t a t e  coxparison. Wote the s i :x i tane i ty .  






